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This narrative review was aimed to analyze the scientific data about
the association of post-traumatic stress disorder, insomnia, obstructive
sleep apnea syndrome, dyssomnias, heart rate variability, metabolic
syndrome, type 2 diabetes mellitus, and cardiovascular autonomic
neuropathy, along with potential pathophysiological mechanisms
underlying these associations.

The results of experimental, cohort, prospective, and
randomized clinical studies provide evidence of common
pathogenetic pathways contributing to their development.

Searches were conducted in Scopus, Science Direct (from
Elsevier), EBSCO, and PubMed databases, including the
Medline databases. Additionally, a manual search of publication
bibliographies was undertaken to uncover research outcomes
not accessible through online searches.
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BcTtyn

OncdyHKuUis BereTaTMBHOI HEpPBOBOI cucTe-
Mn (BHC) NOEAHYETBCS 3 YMCEHHMMW MNaATo-
dizionoriyHMMK CcTaHaMmun i 3aXBOPHOBAHHAMMU,
BPaxoBYlOUYM OXMUPIHHA, apTepianbHy rinep-
Tensito (Al), mertaboniyHun cuHgpom (MC),
NOpYLWeHHS TonepaHTHOCTI go rawokosm (MNTr)/
uykposun giaber 2 tuny (UA2T) [1, 2]. Oa-
Hak TonorpadivyHe po3TawyBaHHs BHC He pae
3MOrM NpoBecTu npsamMe ii gisionoriyHe TecTy-
BaHHS, i OTXe, HeobXiAHO BMKOPUCTOBYBATU
HenpsaMi BUMIiptoBaHHA. AHani3 BapiaTUBHOCTI
putmy cepus (BPC) € HeiHBa3MBHUM METOAOM
aocnigpkeHHs dyHkKuioHanbHoro crtaHy BHC
[3]. NpurHiyeHHs BPC noB’a3aHe 3 BULLWM puU-
3UMKOM nepLoi cepueBo-cyauHHoi (CC)-nogii
Ha 32-45% B oci6 6e3 giarHocToBaHuX cepLe-
BO-CYAHHMX 3axBoptoBaHb (CC3) Ta pu3nMKOM
CMepTi Big yCiX npuymnH [4, 5]. MNoBiaoMnseTbcs
npo 3B’A30K nopyweHb BPC i3 3MiHamMn BMicCTy
rnikoBaHoro remornobiHy Alc (HbAlc) y xBo-
pux Ha UA2T 3 giabeTnyHoto KapaianbHOW aB-
TOHOMHOI HenponaTieto (KAH) [6, 7]. OuiHka
BPC € Ba»/MBMM KOMMOHEHTOM AiarHOCTUKU
cTyneHsa TskkocTi MC Ta komopbigHowo KAH
[8]. MoBinomnsieTbesa, wo KAH acouitoeTbca 3
KoMrnoHeHTamun MC, 3okpema 3 Al Ta OXUPIiH-
HaM, | nepeaye rinepraikemii [2, 9].

MopylweHHa dyHKUioHanbHOro crtaHy BHC
nos’ssaHe 3 MOCTTpaBMAaTU4YHMM CTPECOBUM
po3nagom (MTCP) [10, 11]. NTCP i MC vacto
€ KOMOpOIAHMMUM 3aXBOPIOBAHHAMKU | MaloTb
CMiNbHi Hepo6IoNOrivHi Ta KAIHIYHI O3HaKW
[12]. MeTa-aHani3n NoBiAOMNAKOTbL Npo binbluy
nowupeHictb MC y nauieHTiB 3 [NTCP nopiBHAHO
i3 3aranbHoO nonynsuieto [13, 14]. BogHouyac
MNTCP Takox € BiAOMWUM YMHHUKOM pusunky MC.
Liert 36ir MOXXHa 4acTKOBO MOSICHUTU 3aslyyeH-
HAM CMiNIbHUX NATOrEHETUYHMX MEXaHIi3MiB, Xa-
pakTepHux ans obox craHis [15].

IHCOMHIi/ANCOMHIT € OAHIEI0 3 XapaKTepHUX Kili-
HiYHMX ocobnueocter MTCP. BBa)aeTbcs, WO
NOCTTPaBMaTUYHI MOPYLUEHHSA UMPKAAHOIO pUT-
My CHY — LUe $4p0, @ He BTOPMHHA 0COBMMBICTb
MNTCP, sike onocepenKoBYyE HeNpPOb6IONOriYHi KO-
pensTu po3najiB yHacnigok aucbanaHcy rome-
octasy [16]. BogHo4ac AMCOMHIi/iHCOMHIi, Xpo-
HOAECTPYKLUidA | AenpeCcuBHI po3naan € YaCTUHOK
naTtoreHesy iHCyniHOBOI pe3ucteHTHocTi (IP),
OXupiHHA i MC. Ue cBigumTb npo Te, Wo ANCOM-
Hii MOXyTb 6yTW 3aranbHUMM HerpobionoriyHMM
MicTkoM Mix MTCP i HM3Kot 3axBoproBaHb [15].
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[MpoAeMOHCTPOBAHO, WO airOPUTMU NOPYLUEHDb
BPC y HiYHWI YacC KOPEentoTh i3 CTYNeHeM TSX-
KOCTi CMHAPOMY OBCTPYKTMBHOIO arnHoe yBi CHi
(COAC) [17]. ®dparMeHTauis CHY | nepepuBYac-
Ta rinokcia 3paTHi nigBuwyBaTn 36yanmMBICTb
cuMmnaTmnyHoi HepeoBoi cuctemn (CHC), wo cy-
NPOBOAXYETbCA MeTaboniyHMMM MOpyLUeHHSs -
Mun [18]. 3okpema, nosigomnsaeTbcs, wo COAC
Moxe cynposogxysatuce [MMTC [19]. COAC,
MOXI/IMBO, «3aBAsAkn» MC, a TakoxX Br/nBYy He-
3aneXHMX MexaHi3MiB Takox nos’a3aHnii 3 KAH
[20]. MexaHi3Mu, WO € B OCHOBiI TakMUx MNaTo-
dizionoriyHnx 3MmiH, MMOBIPHO, ONOCEpPeAKOBa-
Hi NOpyLeHHSaMM BereTaTnBHOI PyHKLUii. OgHaK
OOCHNIAXEHHS B L ranysi BUSBUAK Cynepeydsin-
Bi pe3ynbTaTu, i NPUYMHHO-HACNIAKOBI 3B'A3KM
3a/IMWA0TbLCA HE3PO3YMINUMU.

MeTa Haworo HapaTUBHOIoO Ornsay — rnpoaHa-
nisyBaTu 1 y3aranbHUTK AaHi NiTepaTypu WoA0
3Ha4YeHHA Ta o0cob/MBOCTElN B3aEMO3B’'A3KIB
Mixx MTCP, iHcomiewo/amncomHiamm, BPC, KAH
i MC, a TakoXx MOXIMBUX NATOdizionoriyHmx
MeXaHi3MiB, AKi 3yMOBJ/IIOIOTb Li 3MiHU.

NTCP, BHC i BPC

MapameTpun BPC MOXyTb 6yTH KiflbKiCHO OuiHe-
Hi 3a 4OMNOMOroK 4YacoBMX, YACTOTHUX i Heni-
HiliHMX MeToaiB [21]. Hanibinbw nowmpeHnmm
nokasHmkamm 4yacosoi obnacTti cnektpa BPC €
CTaHaapTHe (cepeAHbOKBaApaTU4YHE) BiAXU-
NeHHa pi3Huui nocnigoBHux iHTepsanisa N-N —
Mipn BPC i3 manoto Tpusanictio umknis (RMS-
SD) i ctanpgapTHe BiaxuneHHa N-N iHTepBanis,
sake Bigobpaxae cymapHy BPC (SDNN). Yacto
AocnifXyBaHi napameTpu 4acToTHOI obnacTi -
BMCOKOYACTOTHa koMmnoHeHTa (HF, 0,15-0,40
y), HM3bKO4YacToTHa kKoMmnoHeHTa (LF, 0,04-
0,15 l'y) i cnieBigHOWweHHsA LF/HF [22]. RMS-
SD i HF-KOMMOHeHTa CUIbHO B3aEMOMOB A3aHi
M acouilooTbCs 3 aKTUBHICTIO n. vagus [23].
QdyHKUiOHanbHMn cTtaH CHC i napacmmnatuny-
Hoi HepBoBoOi cucrtemm (MCHC) BnaMBaTb Ha
SDNN, wo Bigobpaxae 3arafibHy FHY4KiCTb
BHC [24]. BogHo4ac pe3ynbTaTu AOCNiAXeHb
Bnaney CHC i NCHC Ha ctaH LF-KOMMNOHEHTU
[OCTaTHbLO cyrnepeunusi. LF-koMnoHeHTa Moxe
6yTn noB’d3aHa 3 akTuBHicTIO 6Gapopeuen-
TopiB, i OTXe, Halnepwe Moxe BigobpaxaTtu
CTaH napacMMnaTU4YHOI aKTUBHOCTI [24].

Bucoka dyHKUiOHanbHa akTuBHiCTb BPC € 03-
HaKOK [OCTaTHbOI ajanTauiHoOl 34aTHOCTI
CcepueBo-CyAUHHOI CUCTeMM, WO [a€E 3Mory
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Introduction

Dysfunction of the autonomic nervous system
(ANS) is associated with numerous pathophys-
iological states and diseases, including obesity,
hypertension (HTN), impaired glucose toler-
ance (IGT), metabolic syndrome (MetS), and
type 2 diabetes mellitus (T2D) [1, 2]. Howev-
er, the topographical location of the ANS pre-
vents direct physiological testing, necessitating
indirect measurements. Analyzing heart rate
variability (HRV) is an effective method to de-
termine how effectively the ANS is functioning
[3]. A 32-45% increased risk of the first car-
diovascular (CV) event and an increased risk of
all-cause death is linked to HRV suppression [4,
5]. The correlation between changes in glycat-
ed hemoglobin Alc (HbA1lc) and abnormalities
in the HRV in patients with T2D with diabetic
cardiac autonomic neuropathy (CAN) has been
reported [6,7]. HRV assessment is important in
diagnosing the severity of MetS and comorbid
CAN [8]. It has been demonstrated that CAN
precedes hyperglycemia and is linked to com-
ponents of the MetS, specifically obesity and
hypertension [2, 9].

Violation of the functional state of the ANS is
associated with post-traumatic stress disorder
(PTSD) [10, 11]. MetS and PTSD frequently co-
exist and share similar clinical and neurobiolog-
ical symptoms [12]. Meta-analyses reveal that
individuals with PTSD have a greater frequency
of MetS than the general population [13, 14].
MetS risk factors include PTSD as well. This
coincidence can be partially explained by the
involvement of common pathogenetic mecha-
nisms characteristic of both conditions [15].

A common clinical symptom of PTSD is in-
somnia or dyssomnia. Nowadays, it has been
suggested that post-traumatic circadian sleep
rhythm disturbances, which mediate the neu-
robiological correlates of disease caused by ho-
meostatic imbalance, are the primary hallmark
of PTSD rather than a secondary one [16]. In
addition, the pathophysiology of obesity, MetS
and insulin resistance (IR) includes chronode-
struction, depressive disorders, and dyssom-
nia/insomnia. This suggests that dyssomnias
may be a common neurobiological bridge be-
tween PTSD and several diseases [15].

It has been demonstrated that algorithms of
HRV disturbances at night correlate with the
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severity of obstructive sleep apnoea (OSA)
[17]. The sympathetic nervous system (SNS)
can become more excitable due to sleep frag-
mentation and intermittent hypoxia, leading
to metabolic disorders [18]. Particularly, re-
ports suggest that OSA may be accompanied
by IGT [19]. OSA, possibly “due to” MetS and
the influence of independent mechanisms,
is also associated with CAN [20]. Autonom-
ic dysfunction is likely to mediate the mech-
anisms underlying such pathophysiological
changes. However, research in this area has
shown conflicting results, and the cause-and-
effect relationships remain unclear.

The objective of this narrative review was to
examine and summarize the existing liter-
ature on the significance and characteristics
of the relationships between PTSD, insomnia/
dyssomnia, HRV, CAN, and MetS, as well as
possible pathophysiological mechanisms that
cause these changes.

PTSD, ANS, and HRV

Time, frequency, and non-linear methods
can quantify HRV parameters [21]. The most
common indicators of the time domain of the
HRV spectrum are the standard (root mean
square) deviation of the difference of consec-
utive N-N intervals, a measure of the short cy-
cle duration HRV (RMSSD), and the standard
deviation of all normal to normal RCR (NN)
intervals, which reflects the total HRV (SDNN).
Frequently studied parameters of the frequen-
cy domain are the high-frequency component
(HF, 0.15-0.40 Hz), the low-frequency com-
ponent (LF, 0.04-0.15 Hz), and the LF/HF ra-
tio [22]. RMSSD and the HF component are
strongly interrelated and associated with n.
vagus activity [23].

The physiological condition of the ANS and
parasympathetic nervous system (PSNS) af-
fect the SDNN, which reflects the overall flex-
ibility of the ANS [24]. Simultaneously, the
findings from studies examining the influence
of the ANS and the PSNS on the state of the
LF component are quite controversial. The LF
component may be associated with barorecep-
tor activity and, therefore, may primarily re-
flect the state of parasympathetic activity [24].

High functional activity of the HRV is a sign of
sufficient adaptive capacity of the cardiovascu-
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OpraHisMy MpuUCTOCOBYBATUCA A0 BHYTPILLHIX i
30BHIiLWWHIX nogpa3Hukis [25, 11]. Toai Sk Haa-
MipHa akTtuBauia CHC i 3HuxeHHs MNMCHC mo-
XKYTb NpU3BECTM A0 NpurHiyeHHs BPC [3, 26].
Hu3bknin pieHb BPC MoXxe npoBOKyBaTu po3-
BUTOK KoMopbigHmx CC3 y nauieHTiB i3 MTCP
[27]. 3okpeMma, Ha miacTaBi aHanisy pesysb-
TaTiB 15 kniHiYHUX pocnigxeHb, y 6inblwocTi
BMMNAAKiB  MPOAEMOHCTPOBAHUMA  3HAYYLUNI
3B’a30K IMTCP 3i 3HMXEeHHSAM i/abo TeHaeHUiE
00 3HMmKeHHs BPC [28]. MNMoBiaoMNSETbCS, WO Y
nauienTiB 3 NMTCP 3a3BMYan BUABNAIOTLCS MO-
pyweHHs perynsauii BHC 3 rinepakTMBHUM CUM-
naTMyHuM ToHycoM [29]. NapameTpu BPC, Bu-
3Ha4yeHi 3a AOMOMOrol YacoBWUX, YaCTOTHUX i
HeniHIMHNUX MeToAiB, AEMOHCTPYOTb, Wwo MNTCP
BnamBae Ha CHC i Ha MNCHC, 3o0kpeMa y na-
uieHTiB 3 MNTCP AiarHOCTYTbCSA HMXYI NOKa3-
HUKKM BPC, Wwo o3Hava€e 3MiHEHY CUMNaTU4YHY
Ta napacuMnaTtmyHy noseaiHky [30]. OgHak
OTpUMaHi pe3ynbTaTh Ccynepeysimei, MOXIMBO,
yepes pi3Hy npuvpoay TpaBMaTUYHOMO YMHHU-
Ka, YNyWeHHs noTeHuiHmux nigtmnis MTCP
abo, MMOBIpHO, BHacNigoK ynepeaxeHoCTi ny-
6nikauii [31]. IHWMM MOXTUBUM MOSCHEHHSM
O4YeBUAHOI pO36iXKHOCTI MiX AaHWUMM NpO nNia-
BULLEHHSA abo npurHidveHHs BPC npwu MTCP €
Te, WO A0CMigXXyBanucb pi3Hi Yacosi nepioauv
nporpecyBaHHs [TCP. TlMonynsuis nauieHTiB
3 MTCP, BMBYEeHa A0 UbOroO 4yacy, € pi3HoMma-
HITHOIO, 3 LUMPOKUM CMEKTPOM TpaBMaTUYHOIO
[OCBiay Ta aemorpadiyHnux XapaKTepUCTUK i
y MiACYMKY HE MOXHa BU3HAYUTU CTaHZApPTHY
BenunuuHy snnmBy MNMTCP Ha cTtan BPC [29, 32].

PesynbTatn aHanisy HuM3ku nybnikaui csig-
yaTb, WO 6iNbLWIiCTb 3 HUX 3BITYHOTb NPO Nia-
BULEHY akTuBHiCTb CHC i 3HuxeHy MCHC (a
0TXXe, BeretatMBHMN AmcbanaHc) y nauieHTIB
3 MTCP. Kpim TOro, iCHy€e AOCTaTHbO A0OKas3iB,
wob npunyctntM nopyweHHa 6apopednek-
TopHOI pyHKuii npyn NTCP, wo npu3BoanTb A0
avcperynsauii aptepianbHoro Tucky (AT). AB-
TOPW BBaXatoTb, WO XPOHiIYHMI Nepebir i Tax-
KicTb cumnTomiB MNMTCP € He3anexHumu dakTo-
pamu pusunky CC3, aki MOXyTb 6yTM noB’a3aHi
3 NOpYLWEeHHAMU BereTatneHoI dyHKuUii [33].

Campbell et al. (2019) nposenu MeTa-aHani3
pe3ynbTaTiB AocnigxeHb y xBopux Ha MTCP,
Lo Topkanucb napaMeTpis BPC, aki Bigobpa-
XXalTb MapacMMnaTUyHy akTUBHICTb. Kisbka
BarycHo orocepeakoBaHuxX mnoka3Hukis BPC
6ynu o6’egHaHi, Wo npmu3Beno Ao OA4HOro ce-
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peaHboro po3Mipy edekTy Ha BUNpPOOyBaHHS.
Pe3ynbTatu MeTa-aHanisy npoAeMOHCTpyBasn
NpuUrHiyeHHsa BarycHo-onocepeakosaHoi BPC
B oci6 3 NTCP (Hedges’ g =-0,26) [31]. Bu-
CHOBKMW MeTa-aHanizy pesynbtatie 4145 po-
Cnif>XeHb BUABWAKW, WO Y nauieHTisa 3 MTCP
cnocTepirasncb HUXYi nokasHukn BPC vy cTa-
Hi CrMokol Ta nifg 4vac crpecy. HeBenuki pos-
Mipn HeraTMBHux edekTiB Angd RMSSD, HF- i
LF-KOMMOHEHTN cBiAYaTb MPO 3HWXKEHHA na-
pacuMmnaTuM4yHoi (TOH6TO BarycHoi) akTMBHOC-
Ti, @ NOMipHUI HeraTuBHUN edekT Ang SDNN
NiAKPEC/IOE 3MEHLLEHHS 3arasibHOl NOTY>XHOC-
Ti BPC. Mo3utnBHMn po3mip edekTty LF/HF,
MMOBIpPHO, CBiAYMTL MNpPO 3MiHM CcuMMNaTo-Ba-
rycHoro 6anaHcy npu MNTCP, a 36inblieHHs
4acToTM cepueBuX ckopodeHb (YCC) y cTaHi
CMOKOI0 Ta Mif 4Yac CTpecy MoXe CBiA4YMTU Npo
BULWY akTueHicTb BHC. OTpuMaHi pesynbTtaTtu
3acBigyytotb, wo MTCP B3aeMonoB’sizaHui 3
ancdyHkuieto BHC, a Takox gatTb nNigcTtasu
npunycTuTK, Wo 3miHm BHC y oci6 3 MNTCP He
0bMexyTbCa NuLe BaryCHo-onocepeakoBa-
HUMU napameTpamu BPC, a MOXyTb BKasysaTu
Ha 3aranbHy agucperynsauito BHC [10].

KpiMm TOro, npoaeMoOHCTpOBaHO, WO napame-
Tpu BPC ak 6iomapkepu cepueBoi AM3aBTOHOMIi
3Hauylle MOB'A3aHi 3 BMPAXEHICTIO CUMNTOMIB
MTCP y XiHOK, SIKi NeHeHec/n BTpaTy AUTUHU
nig 4Yac BariTHOCTI. 30KpeMa, MOKa3HUKK LUKa-
nv ana oudiHoBaHHs MTCP 3rigHo 3 «[epenikoM
nUTaHb AN 06CTEXEeHHs MOCTTPaBMATUYHOrO
cTpecoBoro po3ssnaay 5» (Post-Traumatic Stress
Examination List 5, PCL-5) «[iarHOCTU4HOro
i CTaTUCTUYHOrO MOCIBHMKA 3 MNCUXIYHUX PO3-
napis» (Diagnostic and Statistical Manual of
Mental Disorders, DSM-5) Bonoainu 3HauvyLwwmm
3B'a3koM 3 napameTtpamm BPC (SDNN, RMSSD
Ta cyMikHMMU N-N iHTEpBanamu, pisHUUA MiX
akuMu nepesmye 50 m/c). Y nauieHTok 3 MTCP
crnocTepiranucb NoAibHi cepeaHi 3HayYeHHs YCC
nopiBHAHO 3 ocobamu 6e3 MTCP, ane 3Ha4yHO
Buwi SDNN i RMSSD [29].

MNTCP, iHcoMHiA/ancomMAii Ta BPC

BHC, 3 MeTOol NIATPUMKKM FOMeocTasy opra-
Hi3MYy, KOOPAMHYE Ppi3Hi BicuepanbHi QyHKUii
- BiAd AMXaHHSA 00 HEeMpoeHAOKPUHHOI cekpe-
uii. OCKinbkW KNITUHHI Nnonynsauii Ta edepeHT-
Hi curHanu, wo 6epyTb y4yacTb Y BereTaTuBHIl
perynauii, NpocTopoBO MNpwWadAralTb A0 TUX,
O peryaTb CUCTEMY «COH-HECrnaHHA», TO
apxiTeKTypa CHy Ta BeretaTuMBHa KoopAnHaLuis
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lar system, which allows the body to adapt to
internal and external stimuli [25, 11]. At the
same time, excessive activation of the SNS and
a decrease in the PSNS can lead to HRV de-
pression [3, 26]. Low HRV can cause patients
with PTSD to develop comorbid cardiovascular
disease (CVD) [27]. In particular, the analy-
sis of the results of 15 clinical trials demon-
strated a significant association of PTSD with a
decrease and/or a tendency to decrease HRV
in most cases [28]. It has been reported that
patients with PTSD usually have dysregulation
of the ANS, usually with a hyperactive sym-
pathetic tone [29]. Analysis of HRV parame-
ters using time, frequency, and non-linear ap-
proaches reveals that PTSD impacts both the
SNS and PSNS. Patients with PTSD demon-
strate decreased HRV values, indicating altered
sympathetic and parasympathetic functioning
[30]. Nevertheless, the outcomes are subject
to debate, potentially because of the varying
characteristics of the traumatic stimulus and
the exclusion of potential subtypes of PTSD, or,
most likely, publication bias [31]. The study of
different periods of PTSD progression could po-
tentially explain the apparent discrepancy be-
tween the data on the increase or decrease in
HRV in PTSD. The current study has examined
a varied cohort of patients with PTSD, encom-
passing a broad spectrum of traumatic events
and demographic characteristics, and, as a re-
sult, it is impossible to determine the standard-
ized value of the impact of PTSD on the state of
HRV [29, 32].

The results of the analysis of several publi-
cations indicate that most of them report in-
creased SNS activity and decreased PSNS
(and hence autonomic imbalance) in patients
with PTSD. Furthermore, there is plenty of in-
formation indicating impaired baroreflex func-
tion in individuals with PTSD, resulting in the
dysregulation of BP. The authors suggest that
the persistent and intense nature of PTSD
symptoms can independently increase the risk
of CVD, potentially due to disruptions in auto-
nomic function [33].

In their study, Campbell et al. (2019) per-
formed a meta-analysis of the findings of var-
ious research involving individuals diagnosed
with PTSD that addressed HRV parameters re-
flecting parasympathetic activity. Several va-
gally-mediated HRV parameters were pooled,
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resulting in one mean effect size per trial.
The results of a meta-analysis demonstrated
suppression of vagally mediated HRV in indi-
viduals with PTSD (Hedges’ g =-0.26) [31].
The findings of a meta-analysis of 4,145 tri-
als showed that persons with PTSD had lower
HRV both at rest and under stress. The small
size of the negative effects for RMSSD, HF-,
and LF-components indicates a decrease in
parasympathetic (i.e., vagal) activity, and the
moderate negative effect for SDNN emphasiz-
es a decrease in overall HRV power. The pres-
ence of a positive LF/HF effect likely suggests
alterations in the balance between SNS and
PSNS activity in individuals with PTSD. Ad-
ditionally, the rise in heart rate (HR) both at
rest and during periods of stress may reflect
heightened ANS functioning. The findings in-
dicate that there is a connection between
PTSD and disruption in the ANS. The results
indicate that the changes in the ANS in per-
sons with PTSD are not restricted to specific
parameters related to HRV that are influenced
by the vagus nerve but may instead represent
a more general dysregulation of the ANS [10].

In addition, it has been demonstrated that
HRV parameters as biomarkers of cardiac
dysautonomia are significantly associated
with the severity of PTSD symptoms in wom-
en who have suffered child loss during preg-
nancy. In particular, the scores of the scale for
assessing PTSD according to the PTSD Check-
list (PCL-5) of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) had a
significant relationship with HRV parameters
(SDNN, RMSSD, and the number of pairs of
adjacent NN intervals differing by more than
50 ms). Patients diagnosed with PTSD exhib-
ited comparable average HR values to those
without PTSD. However, they demonstrated
significantly elevated SDNN and RMSSD [29].

PTSD, insomnia/dyssomnia and HRV

The ANS regulates a range of internal bodily
activities, including breathing and neuroen-
docrine secretion, to maintain homeostasis.
Given the proximity of cell populations and
efferent signals responsible for autonomic
regulation to those engaged in regulating the
sleep-wake cycle, there is a reciprocal rela-
tionship between sleep architecture and au-
tonomic coordination. This means that they
mutually influence each other [34].
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BNMBAKTb OAMH Ha OA4HOrO, WO CBiAYMTb NpO
iX ABOHanpaBieHu 38’930k [34].

COH - Ue ayXe cKnagHui beHOMeH, KU Yya-
CTKOBO perynwerbcd BHC. Ckapru Ha nopy-
LWEHHS CHY € BaXX/IMBMM KOMMOHEHTOM Cy3ip’s
CMMNTOMIB, AKi cTaHoBnaTb MTCP. lNoBToOpto-
BaHi TPMBOXHI CHOBUAIHHSA | TPYAHOLLUI 3 3acu-
HaHHAM € OAHMMM i3 OCHOBHMX O3Hak [TCP.
OTxe, cnpobu noscHuTn disionorito MTCP no-
BWHHI BpaxoByBaTu Ui cumnTomMn [35].

AK KOpOTKa, TaK i AOBra TpuBanicTb CHy, a Ta-
KOX AWCOMHIi, B ocHoBHOMY COAC, cnpustoTb
CepueBo-CyAMHHUM i MeTaboniyHuM po3nagam
[5]. 3aHaaTo KOPOTKMIA COH 3HUXKYE YYT/IMBICTb
00 iHCyniHy B aaunoumTax i BNaMBaE Ha doc-
dopunoBaHHA CcepuHy/TpeoHiHkiHasn (Akt/
npoTeiHKiHasn B), Wo 34iMCHIOETBCS B iHCYNIi-
HOBOMY CUrHanbHOMy wnsaxy [36]. HapewrTi,
3aHAATO BenmMKa TPMBaniCTb CHY MoB’sA3aHa 3
KinbkOMa (pakTopaMm puU3nKy 3aXBOPHOBAHOCTI
Ha MC, TaknMu aK aenpecia Ta HM3bka isny-
Ha aKTUBHICTb [37].

HakonunuyoTbCa AOoKa3u, WO BeretaTuBHa AnC-
dyHKUia € naTtodizioNnoriyHMM 3B'A3KOM  MiX
OVCOMHIAMM Ta iX natodisionoriyHnmMm Hacnia-
kamu [38]. MTCP xapaKTepu3yeTbCA 3HAYHOKO
KiNbKicTio cumnToMiB i komopbigHoi natonorii,
WO TaKOX MOB'A3aHi 3 HeAOCUMaHHAM i Lup-
KagHuMm posnagammn [15]. CborogHi BUCYHYTO
ABi OCHOBHI rinoTesun WOA0 3B'A3KYy MiX Bere-
TaTMBHO DYHKLIE Ta iIHCOMHIED [34]. 3riaHo
3 nepLot, BereTatmBHi MoaudikaLii MOXyTb
BUHMKATW BHACMIAOK pparmeHTauii cHy. Ls ri-
rnoTesa NiATBEPAXYETbLCA AOCNIAXEHHAMMU, AKiI
3acBigyvyloTb, WO BeretatuBHe 36yaXKeHHS,
sKe BiabyBa€eTbcs 6€3 yyacTi KOpu rosI0BHOMO
MO3KY, € enidbeHOMeHOM (pparmeHTauii cHy Ta
nopyweHHs noro 6esnepepBHocTi [39]. Kpim
TOro, BeretatmBHa dparMeHTauia CHy nos’sa-
3aHa 3 gob6oBuMM 36iNblIEHHAM CUMMOATUYHOI
aKTUBHOCTI Ta nigBuweHHaM AT y 340pOBUX
nwogen nitHboro Biky [40]. 3rigHo 3 Apyroto,
BereTaTMBHI 3MiHW MOXYTb 6yTVM BUpa3oM cTa-
Hy rinep36yaxeHHsa [41]. 36inbweHHa YCC i
BIACYTHICTb (i3i0NOriYHOr0 3MeHLIeHHs Bere-
TaTUBHOI aKTUBHOCTI Mig 4Yac 3acuMHaHHA, MNo-
pad 3i 3MiHAaMW npoAaykKuil rOpMOHIB CTpecy,
MOXHa BBaxaTu iHAMKATOpaMu CTaHy 36y-
OOXKEHHS, SKUI CXUNSE A0 AUCOMHIT [42]. OTxe,
aHani3 ctaHy BHC mMoxe gaTn HoBe pO3yMiHHSA
0cob6/1MBOCTEN B3aEMO3B’A3KIB MiX ANCOMHIiE/
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iHcoMHieto Ta CC3 [38]. OgHak, He3BaXarumu
Ha Te, Wo nopyweHHA BPC npu iHCOMHIT € 3a-
ranbHOMPUIMHATO KOHUEMLUIEI, BOHA LWe He
nigkpinsieHa emMnipuyHUMmn gokasamm [43].

COAC € ayxe rnowmupeHnM po3nazoM CHy, Ha
SIKUIN, 3@ OUiHKaMK, CTpaxaa€ 1 mnpa nwogemn
y BCbOMY CBITi [44]. MMOpyLWEHHS, CNPUYNHEHI
COAC, HeraTMBHO BM/JIMBalOTb Ha CepLeBO-Cy-
OVHHY CUCTEMY, 30KpeMma, BeretaTMBHa AuC-
dyHKLis Bigirpae kaYOBY pofib B onocepen-
KyBaHHi pusnky CC3 npu COAC [45]. Kinbka
BEIMKMX KOFOPTHUX AOoChiaXeHb (Hanpuknag,
WISCONSIN Sleep Cohort Study) Buasunu, wo
COAC noBs’sa3aHuin 3 po3sutkom CC3 [46]. [e-
komneHcauis COAC € (pakTopoM pM3KKY, WO Ha
93% niaBULLYE He3aAOoBiNIbHWUI MPOrHO3 cep-
LEeBO-CYAMHHUX MNoair y nauienTis 3 Al [47].
MeTa-aHanisn nosigomnsaoTb, wWo COAC acoui-
FOETbCS 3 CMHAPOMOM XPOHiYHOI BTOMM [15], AT,
LUAO2T [48, 49], XpOHIYHUM KOPOHAPHUM CUH-
ApoMoM, iHcynbToM [50], dibpunsauieo nepen-
cepAb, 3aCTiHOK CEpLEBOK HEeAOCTATHICTIO i
NiaBULLEHHAM pu3uKy cMepTi [51, 52].

MTCP i COAC yacTo € CynyTHIMW 3aXBOpIOBaH-
HAMM, WO BMAMBAE Ha TAXKICTb nepebiry Ta
pe3ynbTtatyv nikyBaHHA. [MowwupeHictbe COAC
Buwa y nogen 3 MTCP, HixX y 3aranbHin nony-
NAUii, Wo cBiguYMTb NPo MMOBIpHWIA ABOHaNpaB-
NEeHUN BNAMB LUNX ABOX 3aXBOPIOBaHb. ICHYOTb
BaroMi 1oKkasun Toro, Lo ANCOMHIi/iHCOMHIi MO-
XYyTb Bigirpasatn ponb y natodizionorii MTCP.
CuMmnToMU rinep36yaXeHHs | rinepnunbHOCTI
npu MNTCP MOXyTb 3HWMXYBATWN Nopir 36yaxeH-
HS, | oT™xe, 36inbwyBaTN yacToTy dparMeHTa-
uii cHy, noe’si3aHy 3 O6CTPYKTMBHUMMK MNOAis-
Mu. I HaBnaku, NOpyLeHHs CHY, NoB’sa3aHe 3
COAC, Moxe nepewkoaxaTtu @izionoriyHoOMy
(YHKUIOHYBaHHIO LWBWUAKOrO pyxy o4yen i no-
ripwysaTu nepebir HiYHMX XxaxiB [53].

MauieHtTn 3 COAC [OEeMOHCTPYHTb UMKIIYHY
KapTuHy cTpubkie YCC i AT, noB'a3aHy 3 ak-
TuBauieto CHC i NMCHC BHacnigok nosTOplOBa-
HMX eni3oaiB anHoe. 3MiHeHi HapopeuenTop-
Hi Ta XeMopeuenTopHi pednekcn, nos’asaHi 3
nigsuweHoto akTueHicTio CHC, MOXyTb crnpu-
ATV nigBuweHHo CC-pusnky npu COAC [54].
MpoagemoHcTpoBaHo, wo npu COAC criocTepi-
ra€TbCs 3MiHEeHa BeretaTMBHa (PyHKLis, 30Kpe-
Ma nigsuuleHa akTuBHicTb CHC [45]. 3MiHeHa
BereTatmBHa @YHKUiA MOxe O6yTW KIH4OBUM
nocepegHunkoMm, wo nos’asye COAC Tta CC3, a
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Sleep is a complex phenomenon that is largely
controlled by the ANS. Complaints about sleep
disturbances are an important component of
the constellation of symptoms that make up
PTSD. Recurrent, disturbing dreams and dif-
ficulty falling asleep are among the main fea-
tures of PTSD. Thus, attempts to explain the
physiology of PTSD should take these symp-
toms into account [35].

Short and long sleep durations and dyssom-
nias, primarily OSA, contribute to CV and met-
abolic disorders [5]. Too little sleep decreases
insulin sensitivity in adipocytes and affects the
phosphorylation of serine/threonine kinase
(Akt/protein kinase B), which is involved in the
insulin signaling pathway [36]. Finally, sleep is
linked to other risk factors that contribute to
the occurrence of MetS, including depression
and lack of physical activity [37].

There is accumulating evidence that autonomic
dysfunction is a pathophysiological link between
dyssomnias and their pathophysiological conse-
quences [38]. PTSD is characterized by a sig-
nificant number of symptoms and comorbidities
that are also associated with sleep deprivation
and circadian disorders [15]. Currently, two main
hypotheses have been put forward regarding the
relationship between autonomic function and in-
somnia [34]. The first source states that sleep
fragmentation can lead to autonomic chang-
es. Studies have demonstrated that autonomic
arousal, which is not controlled by the cerebral
cortex, is a secondary effect of sleep fragmenta-
tion and interruption of its continuity [39].

Furthermore, autonomic sleep fragmentation
is linked to a daily rise in sympathetic activity
and elevated blood pressure in healthy older
adults [40]. Based on the second source, au-
tonomic alterations can be a manifestation of
a state of hyperarousal [41]. Elevated HR, the
lack of a normal decline in autonomic function
during sleep, and alterations in the secretion
of stress hormones might be seen as mark-
ers of an aroused state that makes one more
susceptible to dyssomnia [42]. Therefore, ex-
amining the condition of the ANS can offer a
fresh perspective on the connection between
dyssomnia/insomnia and CVD [38]. Although
the hypothesis of ANS disturbance in insomnia
is widely acknowledged, there is currently lit-
tle actual data to support it [43].
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OSA is a highly prevalent sleep disease, with
an estimated impact on 1 billion individuals
globally [44]. Disorders caused by OSA exert
a detrimental influence on the cardiovascular
system; in particular, autonomic dysfunction
plays a key role in mediating the risk of CVD in
OSA [45]. Numerous large cohort studies, such
as the WISCONSIN Sleep Cohort Study, have
demonstrated a clear link between OSA and the
occurrence of CVD [46]. OSA decompensation
is a risk factor that increases the poor progno-
sis of CV events in patients with HTN by 93%
[47]. Meta-analyses have found that there is a
correlation between OSA and persistent fatigue
[15], HTN, T2D [48, 49], chronic coronary syn-
drome, stroke [50], atrial fibrillation, conges-
tive heart failure, and an increased risk of death
[51,52]. PTSD and OSA are often comorbidi-
ties which affect the severity of the course and
the results of the treatment. Individuals with
PTSD have a higher occurrence of OSA com-
pared to the general population. This indicates
a probable reciprocal influence between these
two conditions. There is strong evidence that
dyssomnia or insomnia may contribute to the
pathophysiology of PTSD. The presence of hy-
perarousal and hypervigilance symptoms in in-
dividuals with PTSD can decrease the threshold
for arousal, leading to an increased occurrence
of sleep fragmentation linked to obstructive
episodes. On the other hand, sleep disruptions
caused by OSA can disrupt the normal func-
tioning of rapid eye movement and exacerbate
night terrors [53].

Patients with OSA exhibit a cyclic pattern of HR
and BP spikes associated with SNS and PSNS
activation due to recurrent episodes of apnea.
In OSA, changes in the baroreceptor and che-
moreceptor reflexes, which are linked to height-
ened SNS activity, may have a role in elevating
the risk of CV complications [54]. It has been
demonstrated that OSA is associated with al-
tered autonomic function, particularly increased
SNS activity [45]. The altered autonomic func-
tion may be crucial in connecting OSA and CVD,
and treating OSA to mitigate these autonomic
changes may reduce CV risk [55].

Various sleep-related parameters, including
arousal and sleep quality, and respiratory
factors, including respiratory rhythm and in-
trathoracic pressure, control HRV in patients
with OSA [56]. Simultaneously, individuals
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NOM'AKLLIEHHS LIMX BEreTaTUBHUX 3MiH LUJISIXOM
nikyBaHHa COAC moxe 3Hn3uTn CC-pusnk [55].

BPC y nauieHTiB 3 COAC perynteTbcsl UMcneH-
HUMW (pakKTopamMu, NOB'A3aHUMKU 3i CHOM (Ha-
npuknag, 36yaXeHHsAM i AKIiCTIO CHY), @ TakoX
YMHHMKaMM, NOB'A3aHMMN 3 ANXAHHAM (30Kpe-
Ma, PUTMOM AMXaNbHUX PYXiB i BHYTPIiLLIHbO-
rpyaHuM Tuckom) [56]. MapanenbHo, y naui-
€HTiB 3 COAC 4acTto BUABNAKTLCA YUCIEHHI
NOopyLEeHHS BYrNeBOAHOro i NinigHOro obMminy,
AKUM HanexaTb BaX/IMBe 3HAYEHHS Y PO3BUT-
Ky OJ1N, oxupinHg, MC, LUA2T, CC3 [57, 58].

Iwewmiyni CC-noaii npy COAC matoTb barato-
(aKTOpHY €eTionorito, BpPaxoOBYKUM BUCOKY
CUMMNaTUYHY aKTUBHICTb, eHAoTenianbHy AucC-
dyHKUiO, 3ananeHHsa Ta OKCUMAAHTHUW CTpec,
NPUYOMY OCHOBHMM (haKTOPOM € rinepakTmB-
HicTb CHC [59]. AktmBHicTb CHC CMHXpOHI30-
BaHa 3 NOBTOPIOBaHMUMMK eni3ogamu anHoe, Lo
BiabyBatoTbca 6e3nepepBHO NPOTAroOM CHy na-
uientiB i3 COAC [5]. NoBigoMNAETbCS, WO BU-
KopuctaHHa aHanisy BPC npu COAC pae yaB-
JIEHHS NP0 BeretaTMBHWUIA KOHTPOJb MioKapaa
Ha pi3HUX cTaaisax cHy [59]. B iHWoMy cncrem-
HOMY OrnsAi NoBiAOMIAETLCA, WO AOPOC/i na-
uieHTn 3 COAC MalTb BULLI CUMMNATUYHI KOM-
MOHEHTU | HMXYMIN NapacMMNaTUYHUIA TOHYC
[56]. OaHaK y Aeskux nonepeaHix AOCHiaAXeH-
HSX MapacuMnaTuU4yHuMn ToHyc, RMSSD, He 6yB
3Hauyle HMK4nM y gopocnux i3 COAC [56, 5].

3HMxKeHHA BPC Moxe CBigUMTM Npo HECNpUAT-
NuBI 3MiHM BereTaTuUBHOI perynauii Ta po3Bu-
ToK KAH [60]. CTaTUCTUYHUI aHani3 pe3ysb-
TaTiB JocnigxXeHHs cepen 4152 naudieHTiB 3
nigospoto Ha COAC, npoBeaeHUn 3 BUKOPUC-
TaHHAM KoMmbiHauii HeniHiMHOro aHanisy Ta ce-
FMEHTapHUX NIHIMHUX MoAenen, BUSBUB, LWO
pusnk KAH 3pocTae B HeniHiMHOMY 3B's3KYy 3
TskKicTio COAC, a caMe BiZ MOBiNbHUX 3MiH Ha
paHHiX cTagiax Ao WBMAKMUX — Ha Ni3HiX. Buko-
pUCTaHHS MOoAeni cerMeHToBaHoi 6baratoBuMip-
HOT (MHOXWHHOT) NiHiliHOT perpecii (segmented
multivariate linear regression, SMLR) BusiBu-
10, WO 3aranbHe 3HAYeHHS 3MiH MOKA3HUKIB
ByrneBoAHoro (mpenpaHaianbHOl  rAOKO3M,
iHcyniHy, IP) i niniaHoro o6MiHiB 6yno 6inbL
3Ha4YywWnM An8 NpPOrHO3yBaHHA MOpPYLUEHb
BPC, Hix napameTpu COAC Ha paHHiX cTagisx
KAH. BoaHo4dac nokasHukmn COAC BMABUIUCH
edeKTUBHUMN NpeanKTopamu npu 6inbll Bax-
knx ctagiax KAH. OTpuMaHi pe3ynbTaTh CBia-
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yaTb NpoO CTajinHo-crneyndivyHe 3anyyeHHs
napameTpiB Byr/1eBOAHOrO i NinigHOro obMiHy,
LLO € B OCHOBI HeniHiNHMX 3MiH Nnpn KAH y na-
uieHTiB 3 COAC. OTXe, KOHTPOJIb MOKAa3HUKIB
BYrn1€BOAHOro Ta AinigHoOro obMiHy Moxe Ao-
MOMOITW CNOBINbHUTU Po3BUTOK KAH y nauieH-
TiB 3 COAC [57].

MC, iHcomHii, MTCP i BPC

OXXUpiHHSA, Npo3ananbHa CUrHasibHa TpaHCAYK-
uis, IP i MC 3paTHi yTBOptOBaTM 3aMKHEHE KO0
nopyLweHoro metaboniamy 3i 3rybHumMn Hacnia-
Kamun gns 3gopos’a [61]. MTCP Takox cynpoBo-
JXKYETbCHA HU3KOKD MEeAMYHUX | ncuxiaTpuyHuX
CTaHiB, BKJOYHO 3 MeTaboniyHmmm abo CC3,
KOMHITUBHUMW MOPYLUEHHAMW, po3/adaMu Ha-
CTPOIO, 3M1I0BXMBAHHAM NCUXO0AKTUBHUMU peYO-
BMHaMW Ta MNopylweHHsAM cHy [62, 15]. OTxe,
A0 KniHiyHoro noripweHHA MNTCP i po3BUTKY He-
CApUATAMBUX CEPLIEBO-CYANHHUX MOAIN, NOB'A-
3aHux 3 MC, npuyeTHi nogibHi mexaHiamu. Mpo-
Te BBAXAETbCH, LLO 30BHIiLIHI (hakTopu, Taki K
BM/IMB AO0BKIiNA, MOXYTb MOAY/IOBaTWU BMIUB
6i0N10rYHNX YNHHUKIB HA CTYNiHb BUPAXXEHOCTI
MNTCP i MC i TM caMnM CNpuUsAOTb FreTepOreHHiln
KNiHiYHIM kapTuHi [63, 15].

B ocTaHHi pokW 3Ha4yHa yBara MpuUAINAETHCA
BUSABMEHHIO Ta BCTAHOBJIEHHIO 0CO6IMBOCTEN
B3aEMO3B’A3KiB MiXX MeTaboniyHMMKN NopyLUEeH-
HSMW Ta NCUXiYHUMUK po3nadamu [64], 30kpe-
ma MTCP. Mosigomnserbcs, wo MC Ta noro
KOMMOHEHTW YacTiwe TpanistoTbCsa Yy Nali€H-
TiB 3 MTCP, 30kpemMa MC giarHOCTYeTbCSA Mal-
e BABiUi yacTiwe y oci6 3 MNTCP [14]. Boa-
HOYac y4dacHukm 6oroBux AN 6inblw CXWUSbHI
00 pO3BUTKY OXWpiHHS, MC Ta NTCP [65], a
MeAuYHa KOHUenLUis «ABOX cepAaeub» HabyBae
BCe 6iNbWOro 3Ha4YeHHs B KOHTEKCTI 3pOCTaH-
HS piBHA CMEpPTHOCTI Y MNauieHTiB 3 KoMopbia-
HuMK MNTCP Ta MC, wo notpebye nNigBuLLEHOI
yBarm 4o BMCOKOi YacToTmn koMmopbigHocTi [66].

OTxe, MC moxe 6yTn Hacnigkom iHaAnBigyanb-
HOI HEMPOEHAOKPMHHOI adanTauii 40 XPOHiy-
Horo crtpecy. O4HOYaCHO KJIiHIYHI Ta TpaHcnA-
LiHI gaHi NigTBEpAXYOTh AYMKY Mpo Te, W0
MNTCP, nmoBipHO, cam no cobi € meTabosnivyHMM
posnagom [13].

Ha rpyHTi pe3ynbTtaTis, oTpuMaHux y 7880 yyac-
HUKIB LLIOCTOr0 AOCNIAXEHHS CTaHy 340pOB'S B
M. Tpomce (Tromsg 6), BUSB/IEHO 3HAYHWUI Hera-
TUBHMM 3B'30K MiX KiNbKiCTIO KOMMOHeHTIB MC
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with OSA frequently experience multiple dis-
ruptions in their glucose and lipid metabolism.
These disruptions play a crucial role in the
progression of dyslipidemia, obesity, MetS,
T2D, and CVD [57, 58].

Ischemic CV events in OSA are caused by sev-
eral things, including oxidative stress, high
sympathetic activity, and endothelial dysfunc-
tion, with the main factor being SNS hyperac-
tivity [59]. The activity of the SNS is synchro-
nized with repetitive episodes of apnea that
occur continuously during sleep in patients
with OSA [5]. According to reports, the use of
HRV analysis in OSA has been reported to pro-
vide insight into the autonomic control of the
myocardium at different stages of sleep [59].
Another systematic review found that adults
with OSA had increased sympathetic activity
and decreased parasympathetic tone [56].
However, prior investigations have shown no
significant decrease in parasympathetic tone,
as measured by RMSSD, in individuals with
OSA [56, 5].

A reduction in HRV may suggest adverse alter-
ations in autonomic control and the develop-
ment of CAN [60]. A statistical analysis of the
study results among 4,152 patients who were
thought to have OSA, using a combination of
non-linear analysis and segmented linear mod-
els, revealed that the risk of CAN increases in
a non-linear relationship with the severity of
OSA, particularly from slow changes in the ear-
ly stages to fast changes in the later stages. Us-
ing a segmented multivariate linear regression
(SMLR) model showed that the total value of
changes in carbohydrate (pre-prandial glucose,
insulin, and IR) and lipid metabolism was more
significant for predicting HRV disorders than
OSA parameters in the early stages of CAN. At
the same time, OSA parameters proved to be
effective predictors in the more severe stages
of CAN. The results indicate stage-specific in-
volvement of carbohydrate and lipid metabo-
lism parameters underlying non-linear changes
in CAN in patients with OSA. Therefore, con-
trolling carbohydrate and lipid metabolism may
help to control the onset of CAN in patients
with OSA [57].

MetS, insomnia, PTSD, and HRV
Proinflammatory signal transduction, IR, obe-
sity and MetS can form a vicious circle of dis-
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turbed metabolism with detrimental health
consequences [61]. PTSD is often accompa-
nied by many medical and psychiatric illness-
es, such as metabolic or cardiovascular dis-
eases, cognitive dysfunction, mood disorders,
drug abuse, and sleep disturbances [62, 15].
Therefore, there are comparable processes at
play in the deterioration of PTSD symptoms
and the occurrence of negative cardiovascular
events linked to MetS. However, it is believed
that external factors, such as environmental
exposure, can modulate the influence of bi-
ological factors on the severity of PTSD and
MetS and thereby contribute to the heteroge-
neous clinical picture [63, 15].

The identification and characterization of the
relationship between metabolic disorders and
mental disorders, including PTSD, has received
considerable attention in recent years [64]. It
has been reported that patients with PTSD are
more likely to have MetS and its components;
in particular, they diagnose MetS almost twice
as frequently [14]. At the same time, combat
veterans are more likely to develop obesity,
MetS, and PTSD [65]. The medical concept of
“two hearts” is becoming more important as
the death rate rises for persons with both con-
ditions, PTSD and MetS, which means that the
high frequency of comorbidity requires more
attention [66].

Thus, MetS may result from individual neu-
roendocrine adaptations to chronic stress. At
the same time, clinical and translational data
support the idea that PTSD is likely to be a
metabolic disorder in itself [13].

After analyzing data from 7,880 people in
the sixth Tromsg Health Study (Tromsg 6),
researchers discovered a significant nega-
tive correlation between the number of meta-
bolic syndrome (MetS) components and heart
rate variability (HRV). HRV was measured us-
ing short-term pulse wave signals (PRV). The
decline in PRV was not consistently gradual but
plateaued after the third component, with no
notable disparity in PRV observed between in-
dividuals with MetS and T2D. There was a sig-
nificant negative relationship between HbAlc
and PRV, indicating a decrease in short-term
PRV signals already within the physiological
range of HbA1lc. Thus, patients with MetS and
T2D differ from healthy individuals in terms of
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i BPC, ouiHeHOl 3a AONOMOro KOPOTKOYaCHUX
curHanis nynbCcoBoi xBuni (pulse wave signals,
PRV). Lle 3HmxeHHa PRV He 6yno niHitHWMM, Ha-
TOMICTb BMPIBHIOBA/IOCA MiCNg TPETbOro KOMMo-
HeHTa, 6e3 CyTTEBOI pi3HMLUi B NokasHukax PRV
MiXk nauieHtamMm 3 MC i UO2T. IcHyBaB 3Ha4YHWUI
HeraTMBHWIA 3B’'A30K MiX MNokasHuMkamu HbAlc
Ta PRV, WwWo cBigunTb Npo 3HUXEHHHA KOPOTKO-
YacHux curHanis PRV Bxe B Mexax disionoriv-
Horo gianasoHy HbAlc. Omxe, nauieHTn 3 MC
Ta UA2T BigpisHsOTLCA Big 340poBUX 0Ci6 3a
nokasHuMkoM PRV, wWo cBig4ymMTb Npo NOpyLUEHHSA
BHC npu o6ox ctaHax [8].

Pe3ynbtat¥ cucteMaTUyHOro orngay i Meta-a-
Hani3y ceigyaTb, WO y nauieHTiB 3 MC criocTepi-
ratoTbCs 3MiHM B YacoBiin obnacti BPC y Burnsagi
3HauyLworo 3HmkeHHS SDNN, RMSSD, a Takox
YaCcTOTHIN obnacTi (3HMxeHHsa HF i LF) [67].

Meta pocnigxeHHsa Midlife in the United States
IT (MIDUS II) - BMBYATW BMNAMB AMCOMHIi Ta
npurHiyeHHs BPC Ha WMMOBIPHICTb pPO3BUTKY
MC. ToBiAOMASETLCA, WO MNOripweHHsS SKOCTI
CHY y 966 obcTexeHunx noe’ssaHe 3 MC y BU-
nagkax, Konu 3aranbHa cyma 6anis 3rigHo 3
MiTTcOyp3bKMM ONUTYBaNbHUKOM IHAEKCY SIKO-
cti cHy (PSQI) ouiHioBanacsa sk 6e3nepeps-
Ha (continuous) (BiAHOWeEHHSA wWwaHciB, odds
ratio, OR) 1,07, 95% (moBipumin iHTepean,
confidence interval, CI): 1,03-1,11 a6o 6e3a-
nensuinHa. TakoX CNocTepiraBcs 3B'A30K MiX
3HMKeHoto BPC i MC [HaTypanbHi norapndmum
(In) HF (OR 0,89, 95% CI Big 0,80 po 0,99)];
In LF (OR 0,82, 95% CI Big 0,72 no 0,92); In
SDNN (OR 0,59, 95% CI Bia 0,43 0o 0,79); In
RMSSD (OR 0,75, 95% CI Biag 0,60 po 0,94).
Kom6iHOBaHMM BNAMB NOTipLIEHHS SKOCTI CHY i
Hu3bkOoi BPC, nopiBHAHO 3 ¢isionoriuHnum ne-
pebirom cHy i ctaHoMm BHC, we 6inbw nocunue
MMOBIpHICTb po3BuTKYy MC [68].

PesynbTatn BUNpobyBaHHSA, NpoBeAeHOoro ce-
pen 74 nauieHTiB 3 MC, cBiguaTb Npo 3Hauywe
3HMxXeHHa BPC, 3okpema iHaekcy SDNN (Ha
26%), KM XapaKTepu3ye 3aranbHy MOTYyX-
HICTb HeMporyMopanbHOi perynsuii cepueso-
ro putMmy i, ocobnnso, RMSSD (Ha 44%) i HF
(Ha 69%), NOKa3HWKIB, WO XapaKTepu3yloTb
KOpOTKOYacCHi, BarycHi snnmeu. Kpim TOro,
aKTUBHICTb 6apopedneKTOpHOro LeHTpy Ao-
Bractoro MoO3Ky, OUiHeHa 3a CrnekTpasibHOK
NOTYXHicTo LF-komnoHeHTn, 6yna Ha 55%
HUXKYO0I0. TakoX He BUSABJIEHO 3HAYyLLMX Bif-
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MIHHOCTEN Yy cepefHi/ TpuBasnocCTi iHTepBany
R-R, Ayxe HM3bKOYaCTOTHOI KOMMNOHeHTH, LF/
HF, InLF, InHF, i oTxe, 3Ha4yHOro 3cyBy Bere-
TaTMBHOro 6anaHcy B 6ik CMMMATUKOTOHII.
AvcnepcinHnic aHanis nigTBepaMB 3HaYyLW M
BNAnB dakTtopa MC Ha ctaH BPC. Omxe, oTpu-
MaHi AaHi cBigyaTb npo po3suToK KAH y naui-
€HTiB 3 MC [69].

MpukiHuesi 3ayBaru

3MiHKn y dyHKuioHyBaHHI BHC cnocTepiratoTbcs
MpU Pi3HNX XPOHIYHUX MOPYLLUEHHAX MCUXIYHOrO
CTaHy, B TiM umcni MTCP [15]. BogHo4ac nowu-
peHictb MC Buwa npv MNTCP, npuyoMy y nauieH-
TiB crioctepiraerbcs 36inbleHnii pusnk nepen-
YyacHoi cMepTi. ICHylOTb NeBHi AOKas3n TOro, Lo
MTCP ta MC MaloTb ABOHarpasJ/ieHy NO340BXHIO
B3A€EMOAI0, i LLO ICHYE 3aneXHiCTb «A403a-Biano-
BiAb>» MiX IHTEHCUBHICTIO Ta TPUBaAnNICTO CUMMTO-
MiB 3axBoptoBaHb. Ha koMopbigHicte MC i MTCP
BMJIMBAE MSIENOTPONMHICTb MEHETUYHOI CXWUIIBHO-
CTi Ta natodisionoriyHi npouecu, 30KpemMa Ti, Lo
CAPUYNHAIOTL GiNblly LeHTpanbHy Ta nepude-
PUYHY aKTuBaLito iMyHoMeTabonivyHux i/abo eH-
OOKPUHHKMX cuctem [70].

MoBigoMnsaeTbcs, wo iHcoMHia i COAC kope-
NoK0Tb 3i 3MiHaMn BPC y 3B’A3Ky 3 XPOHIYHOWO
BeretatMBHol ancdyHkuieto [71]. BPC € Ha-
OIMHUM NOKAa3HWKOM BereTtaTMBHOI Moaynsuii
cepueBO-CYAMHHOI cucTeMu, ka o6’eaHye cum-
NaTWYyHi Ta napacuMnaTWYHi BNAMBU Ha Mio-
kapa. NMTCP noB'aA3aHMin 3 KOMMNIEKCHUM MOopYy-
LWEHHSM KifIlbKOX HeMpobionoriyHMX MexaHi3MmiB
perynauii Ta 3 NOpPYLWEeHHAM napacuMmnaTuy-
HO-CMMNATUYHOro 6anaHcy, Wo MoXHa BUMIps-
T 3a goromoroto BPC. 3anuwaerscs BiAKpUTUM
MUTaAHHS, YM € HU3bKUI piBeHb BPC dakTopom
pu3nky po3sutky MTCP (Mapkep BpasfnunBoCTi),
a60 x npurHiyeHHs BPC npueaHyeTbCA Nig Yac
nepebiry NTCP. MpoaeMoOHCTPOBAHO, WO HU3b-
Kuni piBeHb BPC MOXe BNAMBaTK Ha 4acToTy Ta
BIZAHOBNEHHS Micns HaB'aA31MBMX CMOraAis, LWO
CBiAYNTb NpO NiaBULWEHY BpasnueicTb [72].
Ona BuByeHHsa poni BPC HeobxiaHi no3aoBx-
Hi gocnig)XeHHs, sKi BMBYakoTb 3MiHM BPC go
TpaBMaTU4YHOI noAii Ta B Npoueci po3BUTKY
MNTCP. JoTenep 3B’A30k Mix BPC i MTCP BuBua-
nn 30e6inbloro B nepexpecHnx AOCNIAKEHHAX.
OTXe, Ha OCHOBI po3pax0oBaHUX PO3MipiB edek-
Ty HE MOXHa BCTaHOBUTU NMPUYNHHO-HACNIAKO-
BUI 3B’A30K. Be3yMoBHO, ANnd 3'acyBaHHSA poni
BPC y po3sutky MTCP noTpibHi goaaTkoBi Ao-
cnigxeHHsa [10].
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PRV, which indicates a violation of the ANS in
both conditions [8].

The results of a systematic review and me-
ta-analysis indicate that patients with MetS
have changes in the time domain of HRV in
the form of a significant decrease in SDNN
and RMSSD and in the frequency domain (de-
crease in HF and LF) [67].

The Midlife in the United States II (MIDUS II)
study aimed to examine how sleep disorders
and the reduction of HRV affect the chance
of developing MetS. It was reported that de-
terioration in sleep quality in 966 subjects
was associated with MetS in cases where the
global score of the Pittsburgh Sleep Quality
Index (PSQI) questionnaire was estimated as
continuous (odds ratio, OR) 1.07, 95% (con-
fidence interval, CI) 1.03-1.11) or non-signif-
icant. There was also an association between
reduced HRV and MetS [natural logarithms (In)
LF (OR 0.82, 95% CI 0.72 to 0.92); In HF (OR
0.89, 95% CI 0.80 to 0.99); In RMSSD (OR
0.75, 95% CI 0.60 to 0.94); In SDNN (OR 0.59,
95% CI 0.43 to 0.79). The combined effect of
poor sleep quality and low HRV, compared with
physiologic sleep and HRV status, further in-
creased the likelihood of developing MetS [68].

The trial results among 74 patients with MetS
show a notable reduction in HRV, specifical-
ly in the SDNN index (by 26%), which rep-
resents the overall strength of neurohumoral
regulation of HR, and particularly in RMSSD
(by 44%) and HF (by 69%), which are indica-
tors of short-term, vagal influences. In addi-
tion, the baroreflex center in the medulla ob-
longata, as measured by the spectral strength
of the LF component, was reduced by 55%.
Simultaneously, there were no notable dispar-
ities in the mean duration of the R-R inter-
val, a highly LF component, LF/HF, InLF, InHF,
and thus, no substantial alteration in the au-
tonomic balance favoring sympathetic domi-
nance. The analysis of variance verified that
the MetS component has a substantial impact
on the state of HRV. Therefore, the acquired
results suggest the occurrence of CAN in pa-
tients with MetS [69].

Concluding remarks
Various chronic mental disorders, including
PTSD, exhibit changes in the functioning of the
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ANS [15]. At the same time, the prevalence
of MetS is higher in PTSD, with patients hav-
ing an increased risk of premature death. Data
suggests that there is a bidirectional longitudi-
nal relationship between PTSD and MetS and
that the intensity and duration of symptoms
have a proportional effect on this relationship.
The coexistence of MetS and PTSD is affected
by a shared genetic predisposition and physi-
ological processes, namely those that result in
increased activation of both the immune-meta-
bolic and endocrine systems in both the central
and peripheral levels [70]. Researchers have
reported changes in HRV due to chronic auto-
nomic dysfunction to correlate with insomnia
and OSA [71]. HRV is a reliable indicator of au-
tonomic modulation of the cardiovascular sys-
tem, which combines sympathetic and para-
sympathetic effects on the myocardium. PTSD
is associated with an intricate disturbance of
several neurobiological regulatory mechanisms
and an imbalance in the parasympathetic-sym-
pathetic balance, which can be quantified using
HRV. It is still uncertain if a low HRV is a risk
factor for PTSD, indicating vulnerability, or if
the suppression of HRV contributes to the de-
velopment of PTSD. Research has shown that
a low HRV can affect the frequency and recov-
ery of intrusive recollections, indicating an in-
creased susceptibility [72]. Longitudinal stud-
ies are necessary to explore the impact of HRV
by analyzing the variations in HRV both before
the traumatic incident and throughout the pro-
gression of PTSD. Until now, cross-sectional
research has mostly examined the correlation
between HRV and PTSD. Hence, it is not feasi-
ble to establish a cause-and-effect relationship
relying on the computed effect sizes. Without
a doubt, further investigation is necessary to
elucidate the role of HRV in the progression of
PTSD [10].

Epidemiological studies have established a
clear connection between the occurrence of
PTSD and an elevated risk of illness, cardio-
vascular death, and overall mortality associat-
ed with the chronic collapse of the CAN.

However, CAN in IGT and MetS is increasingly
reported, with a prevalence of up to 11% and
24%, respectively [2]. The HRV is a key com-
ponent for assessing the relationship between
PTSD, insomnia/dyssomnia, MetS, and CAN.
However, only a few studies have attempted
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BucHoBKKM enigemionoriyHux AocniaXeHb nig-
TBEPAUNN 3POCTAaHHA 3aXBOPKOBAHOCTI, cep-
LeBO-CyAMHHOI Ta 3arasibHol CMepTHOCTI,
noe’sazaHoi 3 KAH. OpgHak Bce uacTiwe no-
Bigomngaetrbca npo KAH npu NTI i MC 3 no-
wupeHicTio go 11% i 24% , signosigHo [2].
BPC € K/1H04Y0BMM KOMMOHEHTOM ANA OLIHKMK
B3a€EMO3B’si3Ky Mix [TCP, iHCOMHieto/ancom-
Hiammn, MC i KAH. OgHak nunwe B HebaraTtbox
LOCNIAXEHHAX Hamaraaucb poO3risHyTU B3ae-
MO3B’'A30K Mixx MeTaboniamom, COAC i BereTa-
TUBHOK dyHKLUie cepus [73, 57]. Xoua nes-
HUM CTyNiHb B3AEMOAIi MiX dakTopamum pusnky
i ctaHoM BHC cnocTtepiraBcs, Ui A0CAigKEHHS
He 6ynn BcebiyHMMM 3a CBOEK NpPMPOAOHD. IH-
IO BaXJIMBOK NMPUUYMHOIO MOoxe ByTu Te, Wo
Ans 6araTbOX XPOHIYHMX 3aXBOPHOBaHb, TakuX
ak MC i UA2T, 3B'930K MK YNHHUKOM PpU3UKY
i MOro HacnigkoMm piako € NiHinHMM. 3oKkpeMa,
BMUSIB/IEHO, L0 3a/IeXHICTb «403a-Bianosiab»
MK cTyneHem TaxkocTi COAC i gucninonpo-
TelHEMIED € HEOAHO3HAYHO i CK/IA4a€ETbCA 3
KinbkoX cTagin 3 nnato [74]. OTxe, B3aEMO-
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38’30k Mix KAH i COAC, BHacnigoK noTy>XHO-
ro BMAMBY poO3najiB BYrieBOAHOro i ninigHo-
ro obMiHy Ha Hacnigku 3axBOpPIOBaAHHS, MOXe
6yTn HeniHinHKUM 3a cBO€E Npupoaoto [57].

MigBnweHnin pmnsmk CC3 moxe 6yt nos’ssa-
HUI 3 BereTaTuBHOW AncdyHKuUiero npu MNTCP.
OpoHak HanexuTb 3'acyBaTv NUTaHHA: Yu
MOXe BeretaTMBHa AMCPYHKUiA cnyryBaTtu 6i-
OMapKepoM rno4vaTky Ta nporpecyBaHHs MNTCP?
[75]. Takox HeobxigHO BM3HauUMTU 0COb6IU-
BOCTi BMAWBY/BIACYTHOCTI BMNAWBY BeretaTus-
Horo ancbanaHcy Ha pu3nk po3suTtky MTCP.

MoTpibHi noganbwi focnigXeHHs 3i cTaHaap-
TU30BaHUMW TMPOTOKOSIAMWU AN HeiHBAa3UB-
HOT OuiHKK BereTaTmBHOI dyHKUii npu MTCP,
COAC, iHcoMHii, MC, a 6iomapkepn cumnaTny-
HOI aKTMBaLil B KPOBi MOXYTb AOMOMOITWN Kpa-
e 3pO3yMiTK aHATOMiYHY (yHKLUit0 Ta ii ponb
y pusnky CC3, KAH, a Takox nigxoam Ao ix
NpodiNnakTMKn Ta NikyBaHHS.
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to examine the relationship between cardiac
autonomic function and metabolism, OSA [73,
57]. Although a certain degree of interaction
between risk factors and the state of the ANS
was observed, these studies were not com-
prehensive.

Another significant element could be that in
the case of certain chronic disorders, such as
MetS and T2D, the connection between a risk
factor and its result is seldom linear. In partic-
ular, the dose-response relationship between
OSA severity and dyslipoproteinemia is am-
biguous and consists of several stages with
plateaus [74]. Thus, the relationship between
CAN and OSA may be non-linear due to the
powerful influence of carbohydrate and lipid
metabolism disorders on disease outcomes

Review

[57]. Autonomic dysfunction in PTSD may be
linked to a higher susceptibility to CVD. Nev-
ertheless, it is still necessary to determine
whether autonomic dysfunction can work as a
biomarker for the initiation and advancement
of PTSD [75]. It is also necessary to deter-
mine the specifics of the impact/no impact of
autonomic imbalance on the risk of developing
PTSD. Biomarkers of sympathetic activation in
the blood may enable a better understand-
ing of anatomical function and its role in the
risk of CVD and CAN, as well as approaches
to their prevention and treatment. Addition-
al research is needed to develop standardized
methods for non-invasive evaluation of auto-
nomic function in individuals with PTSD, OSA,
insomnia, and MetS.
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